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Abstract 

The superfield models with the partial spontaneous breaking of the global D=3, 
N=2 supersymmetry are discussed. The abelian gauge model describes low-energy 
interactions of the real scalar field with the 31? vector and fermion fields. We 
introduce the new Goldstone-Maxwell representation of the 3D gauge superfield 
and show that the partial spontaneous breaking N=2 —* N=l is possible for the 
non-minimal self-interaction of this modified gauge superfield including the linear 
Fayet-Iliopoulos term. The dual description of the partial breaking in the model 
of the self-interacting Goldstone chiral superfield is also considered. These models 
have the constant vacuum solutions and describe, respectively, the interactions of the 
iV=l Goldstone multiplets of the D2-brane or supermembrane with the additional 
massive multiplets. 
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1 Introduction 

Standard mechanisms of spontaneous breaking of the global D=4, N—l supersymmetry 
(SBGS) are connected with the constant vacuum solutions for the auxiliary components 
of chiral and gauge superfieids (see reviews fl|]-[[§). The constant SBGS solutions are 
possible in the very restrictive class of the self-interacting models of chiral superfieids. In 
particular, SBGS is not possible for the non-trivial self-interaction of the single chiral 
superfield. The Fayet-Iliopoulos (FI) mechanism consists in adding the linear term to 
the action of the N=l abelian gauge theory, however, this term does not guarantee auto- 
matically the appearance of the S'-BGS'-solution for any gauge-matter interaction. These 
standard mechanisms are not very flexible, so the search of new approaches to this prob- 
lem is desirable, especially for the extended supersymmetry or supersymmetries in low 
dimensions which have some specific features. The problems of the spontaneous breaking 
of local supersymmetries will not be discussed in this paper. 

The standard linear supermultiplets (standard superfieids) are not convenient for the 
description of the partial spontaneous breaking of the exended global supersymmetries 
(PSBGS) when the invariance with respect to the part of supercharges remains unbroken. 
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In particular, the constant solutions with a degenerate structure of the auxiliary fields 
are forbidden in many cases. The Goldstone-fermion models with the partial spontaneous 
breaking of the D=4, N=2 or D=3, N=2 || supersymmetries have been constructed 
using the topologically non-trivial classical solutions preserving the one half of super- 
charges. These models have been also studied in the method of nonlinear realizations of 
supersymmetries using superfields of the unbroken supersymmetry. 



Recently the abelian gauge model with two F/-terms have been used to break sponta- 



neously D=A, N=2 supersymmetry to its N=l subgroup |12|-|1^|. This model describes 
the non-minimal interactions of the complex scalar field with the fermion and £7(l)-gauge 
fields. In the D=4, N=2 superspace these interactions correspond to the holomorphic ac- 
tion of the Goldstone-Maxwell chiral superfield W satisfying the modified superfield 2-nd 
order constraints. In comparison to the original constraints of the N=2 vector multiplet 
HI , these constraints contain the constant terms which guarantee the appearance of the 
unusual constant imaginary part of the isovector auxiliary component and the Goldstone 
fermion component in the the Goldstone-Maxwell superfield. 

The more early example of the Goldstone-type constraint has been considered in the 



model with the partial breaking of the D=l, iV=4 supersymmetry fL6fl . Thus, these 
constraints introduce a new type of the supersymmetry representations with the linear 
Goldstone (LG) fermions. In distinction with the Goldstone fermions of the nonlinear real- 
izations which transforms linearly only in the unbroken supersymmetry, the LG-fermions 
have their partners in the supermultiplets of the whole supersymmetry. The nonlinear 
deformation of the standard constraints is also possible ||, however, we shall discuss 
only constant terms in the modified constraints which are connected with the sponta- 
neous breaking of supersymmetries. It will be shown that the models with the LG vector 
multiplet and the corresponding dual scalar multiplet solve the problem of the partial 
spontaneous breaking of the D=3, N=2 supersymmetry. Recently these problems have 
been considered in the framework of the N=l superspace P"T| . 
The coordinates of the full D=3, N=2 superspace are 

z = (x al3 ,e a ,e a ) , (i.i) 

where a, (3 are the spinor indices of the group SL(2,R). The spinor representation 
of the coordinate is connected with the vector representation via the 3D 7-matrices 
x al3 =(l/2)x m ('y m ) al3 . The algebra of spinor derivatives in this superspace has the fol- 
lowing form: 

{V a , Vp} = id af3 + ie af3 Z , (1.2) 
{V a ,T> p } = 0, {V a ,V l3 } = 0, (1.3) 



where Z is the real central charge and 

% — % — 

'Da = D a + -j9 a Z , D a = d a + -9^d a f3 , 

v a = D a - l -e a z , D a = d a + V-v (1.4) 

We shall use mainly the spinor derivatives without the central charge D a and D Q . 
The corresponding generators of the N=2 supersymmetry are 

Qa = Qa + \0 a Z , Q a = Q a — U a Z . (1.5) 
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The N=2 supersymmetry algebra is covariant with respect to the Ur(1) transforma- 
tions 

Q a _^ e ip 9 a ^ _^ e ~ipga _ ^ 

We shall consider the following notation for the bilinear combinations of spinor coor- 
dinates and differential operators: 

(ey = ±e a e\ (8) 2 = ~re a , (1.7) 
{ee) = l -e a e a , e Q/3 = hp a e p + a <- (3) , (1.8) 

[Df = l -D a D a , {D) 2 = l -D a D a , (1.9) 

(DD) = \D a D a , D aP = ^([D a ,D ] + a <-> (3) . (1.10) 

and the useful relations 

D a D p = % -d a p + e a p(DD) + ^D a(3 , (1.11) 

(DD) 2 = \ff#{daf> - iD aP ) + \{Df{Df , (1.12) 
D aP {D) 2 =id a p{D) 2 , (1.13) 
(D) 2 (9) 2 = 1 , (D) 2 (9) 2 = l, (DD)(66) = -\ . (1.14) 

The integration measures in the full and chiral superspaces are 

d 7 z = d 3 x(D) 2 (D) 2 , d 5 ( = d 3 x L (D) 2 . (1.15) 

They have .R-charges and —2, respectively. The complex chiral coordinates can be 
constructed by the analogy with D=A 

C = {xf,9 a ) > xf = x aP + i® aP . (1.16) 

It is convenient to use the following rules of conjugation for any operators ||: 

(jfy)t = y+x;t , [x,yy = -(-iy^ p ^[x\Y j '} , (1.17) 

where [X, Y} is the graded commutator and p(X) = ±1 is the ^-parity. The action of 
the differential operator X on some function f(z) and the corresponding conjugation are 
defined as follows: 

Xf = [X,f} => (Xff = _(-l)f( jr )p(/)x t / t • (1.18) 

(Remark that the alternative convention of conjugation (XfY = (— I^pWpW X^ is also 
possible.) 

Consider the conjugation rules for the spinor coordinates and derivatives 

(0°)t = e a , \(6) 2 } ] = (of , (eey = ~{ee) , (1.19) 

Dl = D a , [(D)y = (D) 2 , (DDy = -(DD). (1.20) 



It is possible to introduce the real N=2 spinor coordinates Of = (Off 

r = 7f 0? + , o a = ^(*? - ^2 ) , (1.21) 
(0) 2 = \[(o 2 o 2 ) - (9 1 9 1 ) - 2i(e 1 6 2 )] , (o { o k ) = l -ofo ka = , (1.22) 
(00) = ^[(Mi) + (e 2 o 2 )} , (o t e k y = -(o, t o k ) , (1.23) 

Qaf 3 = 1(^00 + q, <_> ) (e«/3)t = e ^ ( 1-2 4) 

and the corresponding real spinor derivatives 

V l a = D l a + h 2a Z , Vl = Dl- l -6 la Z , (1.25) 

Dl=-j=(D a + D a ), D 2 a = ^=(D a - D a ) , (1.26) 
{Dl Dl) = {Dl, Dl) = id aP , {Dl Dl} = 0. (1.27) 

The D=3, N=2 gauge theories have been considered, for instance, in refs. |[L7|| -||20|. The 
non-minimal self-interaction of the U(l) gauge supermultiplet in this case is equivalent to 
the interaction of the 3D linear multiplet. We shall analyse the modified LGM-constraints 
for the 3D gauge multiplet. The corresponding real 3D superfield describes the scalar 
field interacting with the Goldstone fermions and the vector field. 

In sect.|| we discuss the prepotential solution for the LGM supermultiplet which con- 
tains additional terms manifestly depending on the spinor coordinates and some complex 
constants playing the role of moduli in the vacuum state of the theory together with the 
constant of the Fl-term. Using this representation in the non-minimal gauge action one 
can obtain the constant vacuum solutions with the partial spontaneous breaking of the 
D=3, N=2 supersymmetry. Note that the supersymmetry algebra is modified on the 
LGM prepotential V by analogy with the similar modified transformations of the 4D 
gauge fields or prepotentials in refs. ]T3|, [Cj| . 

The sect.|5] is devoted to the description of PSBGS in the interaction of the LG- 
chiral superfield which is dual to the interaction of the LGM superfield. This manifestly 
supersymmetric action depends on the sum of the chiral and antichiral superfields and 
some constant term bilinear in the spinor coordinates. The non-usual transformation of 
the basic LG-chiral superfield satisfies the supersymmetry algebra with the central-charge 
term. 

The N=l supermembrane and D2-brane actions [III] can be analysed in our approach 



using the decompositions of N=2 superfields in the 2-nd spinor coordinate 6%. In sect.|6|, we 
consider the N—l components of the extended superfields and the covariant conditions 
which allow us to express the additional degrees of freedom in terms of the Goldstone 
superfields. 

2 Vector multiplet in D=3, N=2 supersymmetry 

The D=3, N=2 gauge theory []17, |18|, [19, ^Of is analogous to the well-known D=4, N—l 



gauge theory, although the three-dimensional case has some interesting peculiarities which 
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are connected with the existence of the topological mass term and duality between the 
3-D- vector and chiral multiplets. We shall consider the basic superspace with Z=0. 
The abelian [/(l)-gauge prepotential V(z) possesses the gauge transformation 

5V = A + A, (2.1) 

where the chiral and anti-chiral parameters are considered 

D a A = , D a A = . (2.2) 

The D=3, N=2 vector multiplet is described by the real linear superfield 

W(V) = i(DD)V (2.3) 

satisfying the basic constraints 

(D) 2 W = (D) 2 W = . (2.4) 
The additional useful relations for this superfield have the following form: 

D a (DD)W = - l -d aP D^W , (2.5) 
(DDfW = l^(d aP - iD aP )W . (2.6) 

o 

The components of the vector multiplet can be calculated as the #=0 parts of basic 
superfields and their spinor derivatives 

<p{x) = W\ = t(DD)V\ , X a (x) = (D a W)\ , (2.7) 
X a (x) = -D a W\ , A af3 (x) = D af3 V)\ , (2.8) 
F aP {x) = D aP W\ Q , G(x) = i(DD)W\ , (2.9) 

where A a p and F a p are the 3-D-vector field and its field-strength , G is the real auxiliary 
component and tp, A and A are the physical scalar and spinor fields. The scalar field 
appears as the 3D analog of the 3-rd component of the 4D gauge field. 

The low-energy effective action of the 3D vector multiplet describes a non-minimal 
interaction of the real scalar field with the fermion and gauge fields. For the U(l) gauge 
superfield V this action has the following general form: 

S(W) = -- J d 7 zH(W) , t(W) = H"(W) > , (2.10) 

where H(W) is the real convex function of W . Note that the action conserves the Ur(1) 
invariance. 

The interesting feature of the 3D gauge theory is the existence of the Chern-Simons 



term 17 



S cs = ^ / d 7 zV(DD)V , (2.11) 
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where k is some constant. The component form of this action contains the the topological 
gauge term / d?xA a pd^A l13 . Note that the non-abelian generalization of this term has 
been constructed in ref.llISP. 
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The 3D linear multiplet is dual to the chiral multiplet 0. The Legendre transform 
describing this duality is 

S[B, *\ = -\l d 7 z[H(B) - 0>B] , (2.12) 

where B is the real unconstrained superfield and $=0 + 0. Varying the Lagrange multi- 
pliers and one can obtain the constraints ( |2.4| ). 
Using the solution of the algebraic -B-equation 

H'(B) = f(B) = $ (2.13) 

one can pass to the self-interaction of the chiral superfields 

B => B{$) = r\$) , (2.14) 
S($) = -\ I d 7 zH($) , (2.15) 



2 

H(<$>) = H[B(<$>)} - $B(<$>) , (2.16) 
<9$ d 2 H 1 

= m= f = - T - (2 ' 17 > 

The corresponding superfield equation of motion is 

(D) 2 H'($) = f($)( J D) 2 + -T'($)DjD a 4> = . (2.18) 

This chiral model describes the special case of the Kahler supersymmetric a-model 
which is completely determined by the real function H and possesses by construction the 
additional abelian isometry 

^0 + 2/3, (2.19) 

where (3 is some real parameter. 

3 Difficulties with spontaneous breaking of super- 
symmetry 

Let us consider the spontaneous breaking of supersymmetry in the non-minimal gauge 
model ( [2.1 0| ) with the additional linear F I -term 



S FI = \ij d 7 zV , (3.1) 

where £ is a constant of the dimension —1. Varying the superfield V one can derive the 
corresponding superfield equation of motion 

- i(DD)H'{W) + £ = -ir{W){DD)W - % -r\W)D a WD a W + £ = , (3.2) 

where 

t{W) = H"(W) , t'(W) = H"'{W) . (3.3) 



6 



The spinor derivatives of this superfield equation generate the component equations 
of motion of different dimension 

D a (DD)H' = - l - T d aP D p W + K f D a W(DD)W 

+lr'D' 3 W(D a0 + l -d aP )W - l -T"D a WD^WD p W - ^r'D a W{DfW = , (3.4) 



where the last term vanishes due to the constraint Q2.4j) . The vacuum solutions can be 
analysed with the help of the equation 

(DDfH\W) = . (3.5) 

We shall study the constant solutions of the equation of motion using the following 
vacuum ansatz: 

V = 2i(66)a-2(6) 2 {6) 2 G , W = a + 2i(66)G , (3.6) 



where a and G are constants. The lowest vacuum components of the equations ( |3.2|) and 
read 

Gr(a)-£ = Q, (3.7) 

GV(a) = . (3.8) 

The non-trivial solution Gq^O is possible for the quadratic function H only. 
It is useful to consider the real 3D spinors A° = \f 

\« = ±={K + i\«) (3.9) 

and the corresponding real spinor parameters of the N=2 supersymmetry 

e Q = ^(e? + ie 2 Q ) . (3.10) 



It is clear that the constant solution ( |3.6|) can only break spontaneously both super- 
symmetries 

5 e X a = iG r , 5 e X a = -iG e a (3.11) 

since it generates two real Goldstone fermions. 

Thus, the full spontaneous breakdown of the N=2 supersymmetry is possible only for 
the free theory with the VF 2 ( ^-interaction and the FI term. The partial spontaneous 
breaking is forbidden if one uses the vector multiplet satisfying the standard constraint 



Let us estimate the role of the Chern-Simons term ( p.llj ) in the vacuum equations. 
Varying the action S{W) + S cs + S FI one can obtain the modified equation of motion 

-i(DD)H' + kW + £ = . (3.12) 

This superfield equation produces the following modified vacuum equations: 

Gr(a) - ka - f = , (3.13) 
GV(a) - kG = . (3.14) 
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The scalar potential of this model is 



V*(o) = — r -AZ + ka) 2 . (3.15) 
2r(a) 

For the arbitrary function oo > r(a) > this potential has the unique manifestly 
supersymmetric minimum a = — Thus, even the free SBGS solution r = const 
disappears in the presence of the CS'-term. 



4 Partial spontaneous breakdown of supersymmetry 

We shall define the modified Goldstone-type constraints for the 3D vector multiplet by 
the analogy with refs. |16l, [L4j] and show that the partial spontaneous breaking of the 
D=3, N=2 supersymmetry is possible for the non-trivial gauge interaction in the frame- 
work of this approach. 

Consider the following deformation of the constraints (|2.4j ) : 



(D) 2 W = C, (D) 2 W = C, (4.1) 

where C and C are some constants. These relations break manifestly the Ur(1) invariance. 
The solution of these constraints can be constructed by analogy with Eq.( [2.3D 



W = i(DD)V + (9) 2 C+(6) 2 C . (4.2) 

This LGM superfield contains new constant auxiliary structures which change radically 
the matrix of the vacuum fermion transformations 

5X = -Ce a + iG Q r , (4.3) 
S e \ a = -iG e a - . (4.4) 

It is evident that the P5i?G5'-condition corresponds to the degeneracy of these trans- 
formations 

CC - G\ = . (4.5) 

In this case one can choose the single real Goldstone spinor field as some linear combination 
of Xf. For the case of the pure imaginary constant C the LG fermion can be identified 
with . 

It should be stressed that the shifted quantity W(V) = i(DD)V in Eq. (|4.2|) is not a 
standard superfield 

5 e W = te a k Q k a W -> 5 e W(V) = Ce a 6 a - C^9 a + ie%Q k a W{V) , (4.6) 

The algebra of these transformations is not changed on the gauge-invariant superfield 

[8 V , 5 e }W(V) = e a kV ?{Q k a , Q l p}W(V) . (4.7) 

The transformation of the LGM-prepotential V will be considered in the end of this 
section. 
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The action of the LGM-superfield ( |4.2|) has the following form: 

S(V) = - l -Jd 7 z[H(W)-iV} (4.8) 



and depends on three constants £, C and C. 

The non-derivative terms in the component Lagrangian 



2 

produce the following scalar potential 

1 



\{G 2 - \C\ 2 )r(v) ~ & , (4.9) 



V(^) = -[|C|M^+rr- 1 M] . (4.10) 



The vacuum equations of this model are 



GV(a)-£ = 0, (4.11) 
(G 2 - \C\ 2 )r'(a) = . (4.12) 



The PSBGS solution ( [4.5|) arises for the non-trivial interaction r'(a)^0. This solution 
determines the minimum point a of this model 

r(a ) = M • (4.13) 

The vacuum auxiliary field can be calculated in the point a 

G = —r-^r = ±|C| . (4.14) 



t a, 



Using the Ur(1) transformation one can choose the pure imaginary constant C —>■ c = i\c\ 
(without the loss of generality) then 

G = -ic = \c\ . (4.15) 
This choice corresponds to the following decomposition of the LGM-superfield 



W = W s {V s ) + 2i\c\{6 2 6 2 ) , (4.16) 
W S (V S ) = l -{D la Dl + D 2a D 2 )V s . (4.17) 

where V s is the shifted LGM-prepotential which has the vanishing vacuum solution for 
the auxiliary component. It is evident that this representation breaks spontaneously the 
2-nd supersymmetry only. 

Let us consider now the supersymmetry transformations of W s and V s 

5 e W s = KQ k a W = -2i\c\e«6 2a + ie a k Q k a W s , (4.18) 
5 £ V s = A(e,9)+ie%Q k a V s , ^ (4.19) 

A(e, 9) = 2|c|e^ 2Q KM = -2v / 2|c|^[^(^) 2 + 6 a (6) 2 ] . (4.20) 
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The supersymmetry algebra of the V^-transformations is essentially modified by the 
analogy with the transformations of the prepotentials in refs. [[TB|, [TJ| 



[S v ,8 e }V s = e a kV nQ k a ,Q l p}V s 



4|c|(e^f - vM^i&a + e a kV ?{Q k a , Qp}V s , (4.21) 



where Q k a are the generators of the modified transformations. 

The modified part of the supersymmetry transformation has the following form: 

{Ql Q}}modV s = A\c\9 la 9 w = M\c\e a/3 + 2i\c\e a p[(6) 2 + (6) 2 ] . (4.22) 

It should be stressed that both terms in this anticommutator can be decomposed as a 
sum of chiral and anti-chiral functions and do not contribute to the Lie bracket on the 
superfield W s 

&^ = ~{xf -xf), xf = (xf)K (4.23) 

The modified anticommutator contains the additional vector and scalar generators 
T a/ 3, T and T 

{QlQ 2 p } = e a p(T + f)+T al3 . (4.24) 
T aP V s = 4i\c\O aP , TV a = 2t\c\(6) 2 . (4.25) 

The additional generators belong to the infinite Lie algebra of the ?7(l)-gauge transfor- 
mations which arises in the (x, ^-decomposition of the chiral gauge parameters A ( |2.1| ). 
These generators vanish on the gauge invariant quantity W s . One should also include in 
the modified N=2 supersymmetry algebra all nontrivial commutators of the T generators 
with the spinor generators Q k a . 

Consider the spinor gauge connection 

A a {z) = D a V s , 5 A A a = D a A (4.26) 

in the chiral representation (A a =0). The inhomogeneous term in the modified supersym- 
metry transformation of this gauge superfield has the following form: 

5A a = -2V2i\c\ [e 2a (6) 2 - 9 a 4e p ] + it a k Q k a A a . (4.27) 

It should be remarked that the minimal interaction of the charged chiral superfields 
with the LGM-prepotential V s breaks the supersymmetry. The analogous problem of 
the LGM interaction with the charged matter appears also in the PSBGS model with 
D=4, N=2 supersymmetry K4\. 



5 The 3D chiral interaction with the partial breaking 

The general effective action of the chiral superfields <fii (i is some internal index) can be 
written as follows: 

J d A xd 4 6K{4> k) 4> h ) + [J dVOP^i) + c.c] , (5.1) 
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where K is the Kahler potential and P is the chiral superfield potential. 

The existence of the non-trivial SBGS solution implies the degeneracy of the matrix 
didkP- The vacuum equation for the single chiral superfield may have the non- vanishing 
SBGS solution only in the trivial case of the linear function P(<j>) and the free Kahler 
potential K = cfxf). 

We shall show that the spontaneous breaking of supersymmetry is possible for the 
non-trivial interaction of the LG chiral superfield which possesses the inhomogeneous 
supersymmetry transformation. Let us consider the dual picture for the PSBGS gauge 
model with the Fl-tevm 



S(B,<P,0) = - l -J d 7 z[H(B) -B$]-±[C J d 5 C0 + c.c] , (5.2) 

where the modified constrained LG superfield is introduced 

<£ = <j) + 4> + 2i£(99) , (DD)$ = -i£. (5.3) 

Varying the chiral and antichiral Lagrange multipliers <fi and <f) one can obtain the 
LGM-constraints ( |4.2| ) on the superfield B and then pass to the gauge phase B — > W(V) 
where the (99)-term in $ transforms to the Fi-term. 

The algebraic -B-equation 

H\B) = f(B) = $ , (5.4) 
provides the transform to the 'chiral' phase 

B - f-\&) = B($) • (5.5) 
The transformed chiral action is 

#($) = ~J d 7 z{H{$) + \C{9) 2 + c.c.]$} , (5.6) 

H($) = H[B($)] - (5.7) 

The linear terms with C and C break the L r ij(l)-symmetry ( |1.6| ), however, this action is 
invariant with respect to the isometry transformation fl2.19p . 

It should be underlined that the LG-superfield $ transforms homogeneously, while 
the supersymmetry transformation of the LG-chiral Lagrange multiplier <p contains the 
inhomogeneous term 

<y>=-i£(0 a e a )+ie£Q*0. (5.8) 

The action S is invariant with respect to the LG representation of the N=2 supersym- 
metry, since the 1-st term of this action depends manifestly on the covariant superfield $, 
and the 2-nd one is invariant due to the linear ^-dependence of the inhomogeneous part 
of S e (j). 

Consider the ^-decomposition of the LG-chiral superfield 

= A(x L ) + 9 a ^ a {x L ) + (9) 2 F(x L ) , (5.9) 

where Xi is the shifted coordinate of the chiral basis. 

The Lie bracket of the modified supersymmetry transformation ( |5.8| ) 

[S v , 5 £ ]0 = z£(e^ Q - r, a €a) + e^{Q k a , Q l „}<J) (5.10) 
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contains the composite central charge parameter corresponding to the the following action 
of the generator Z on the chiral superfield: 



z0 = e, (z$=-o- (5.11) 

Thus, the Goldstone boson field ImA(i) for the central-charge transformation appears in 
this model. It should be remarked that the isometry transformation ( 2.19|) in the chiral 
model without PSBGS cannot be identified with the central charge. 
It is interesting that we can define the deformed chiral superfield 



? = + if (00) = e %mz <i> , Z'<p = , 

V a <pt = (D a -^9 a Z)<i>t = (5.12) 



satisfying the unusual covariant condition. 

The superfield equation of motion for the action (jO] 



(D) 2 H'(§) + C = (5.13) 

generates the vacuum component equations 

Fr(b)+C = 0, b = A + A (5.14) 
(|F| 2 - e)f'(b) = , (5.15) 
f = H" = -T- 1 . (5.16) 

The scalar potential of this model depends on the one real scalar component only 

m = \\er{b) + \C\ 2 r-\b)] . (5.17) 

The minimum point b of this potential can be defined by the equation 

V = V(6)r-|C| 2 f- 2 (6)]=0, (5.18) 

r 2 (b ) = f- 2 = e\C\ 2 • (5.19) 

using the condition r'(6)^0. 

The vacuum transformations of the spinor components of the LG superfields <fi and <j) 
have the following form: 

5 e ip a = F e a - if e° , (5.20) 

5 e ^ a = i£ e a + F e° . (5.21) 

The vacuum solution |-Fo| 2 = £ 2 corresponds to the degeneracy condition for these 
transformations. The choice F Q = if breaks the 2-nd supersymmetry. 

Thus, the non-trivial interaction of the LG-chiral superfield <fi provides the partial 
spontaneous breaking of the D=3, N=2 supersymmetry. This phenomenon has been 
analysed also in the formalism of the D=3, N=l Goldstone-type superfields [fTl . 
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6 Passing to N=l superfields 

Let us assume that the spinor coordinates 8" parameterize N—l superspace, and the gen- 
erators form the corresponding subalgebra of the N=2 supersymmetry. The complex 
chiral coordinates ( (|1.16|) can be written via the real spinor coordinates 

xf = x^+ l -{d^ 2 +a^(3) , (6.1) 

a = ^(0? + M?) • (6-2) 

We shall use the relations 

(D) 2 = ]^(D l D l ) - ^(D 2 D 2 ) - i(D 1 D 2 ) , (D i D k ) = ^D ia D k a , (6.3) 

DlDl = % -d a(i + e a/3 (D 1 D 1 ) , {Dl (D'D 1 )} = , (6.4) 

[Dl{D 1 D l )] = -id aP D 1 ^ {D 1 D 1 ) 2 = ~D 3 , D 3 = 0°%, . (6.5) 

o 

The chirality condition in the real basis 

D a <l>=(Dl + iI^)<f> = (6.6) 
can be solved via the complex unrestricted N=l superfield \ 

= x {xA) +ie%D 1 aX (x,e 1 ) + (e 2 9 2 ){D 1 D 1 ) x (x,e 1 ) . (6.7) 



To prove the chirality in the N—l representation one should use Eqs. (|6.4] , |6.5| ) and the 
relation 

D 2 aX (x,e 1 ) = i -e§d a( s X (x,e 1 ) . (6.8) 

Using Eq.( |6.3j ) one can readily obtain the relation between the chiral and N=l integrals 

d 3 x(D) 2 <f) = J d 3 x(D 1 D 1 )x(x,9 1 ) , (6.9) 

where d 2 6i=(D 1 D 1 ) is the imaginary spinor measure of the N=l superspace. 
The transformation ( |5.8|) has the following N=l decomposition: 

W = ~\m (e 2a + ze la ) + ~£0% (e lQ - ie 2a ) + e%(-d 2 a + ~0f d a/3 )0 + ie?Q^ (6.10) 
and generates the corresponding transformation of the complex N=l superfield: 

$X = -\m(t2a + ieia) ~ if%Dlx + ^iQlx • (6.11) 
Consider the ^-decomposition of the basic superfield (|5.3j) of the chiral PSBGS model 



* = x + x + i0 2 Kix - x) + {e 2 e2){D 1 D l ){x + x) + *£[(W + (W] 

= e + e^Dlp + (e 2 e 2 ) [{d'd 1 )^ + 2^] , (6.12) 

E(x, 9 1 ) = X + X + it{0i0i) , P = *X - *X (6.13) 
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where £ is the standard real N=l superfield and p is the real Goldstone superfield for 
the 2-nd supersymmetry 

6Z = -e 2 *D 1 a p + ie c ?Q 1 a X . (6.14) 
6p = -i£ep la + e«D x Jl + i^Q\j> . (6.15) 

The analogous transformations of iV=l superfields have been proposed in ref . [|Tl"|l . 
The authors of this work have shown that the additional superfield can be constructed in 
terms of the spinor derivative of the Goldstone superfield p in order to built the super- 
membrane action. The massive degrees of freedom in our approach can be removed using 
the covariant condition 

$ 2 = , (6.16) 

which allows us to construct S via D\p by analogy with the similar construction in the 
£>=4, N=2 theory |TO|. 



The superfield p possesses also the central-charge transformation induced by the cor- 
responding transformation of the chiral superfield ( |5.11|) . 



Our N=2 action ( |5.6| ) can be rewritten via the both N=l components of $ 

--C J d 3 x{D) 2 <f) + c.c. = - J d z xd 2 9 1 [{C - C)S + i(C + C)p] + const , (6.17) 
-i J d 7 zH(§) =-\l d 3 x(D l D l )(D 2 D 2 )H($) 

= ~ J d 3 xd%{[2^ + (D^^H'iE) + h(J:)D la pDlp} , (6.18) 

Note that these integrals, including the linear in p term, are invariant with respect to the 
N=2 supersymmetry transformations ( |6.14|J6.15|) . 

Let us analyse the N=l decomposition of the gauge prepotential 

V s {x, 9 U 9 2 ) = k{x, Or) + i6%V a (x, 0i) + i{6 2 6 2 )M{x, 9 1 ) (6.19) 

and the chiral gauge parameter 

A = [1 + iO^Dl + (6 2 6 2 )(D 1 D 1 )}X(x 1 9 1 ) . (6.20) 

The gauge transformations of the N=l components are 

5\K = A + A , (6.21) 
5 x V a = D l a (X - A) , (6.22) 
5\M = -i{D x D x ){\ + A) . (6.23) 

Thus, k is a pure gauge degree of freedom, V a is the N=l gauge superfield, and M is the 
scalar N=l component of the N=2 supermultiplet. 

The 2-nd supersymmetry transformations of the N=l superfields have the following 
form 

5 2K = -ie a 2 V a , (6.24) 
6 2 V a = -e 2a [M + 4i\c\(9 1 e 1 )] - ~eld aP K , (6.25) 

~5 2 M = \e a 2 8 a pV? . (6.26) 
14 



The deformation of the supersymmetry algebra ( |4.22| ) can be studied also in this repre- 
sentation. 

Consider the N=l decomposition of the linear superfield ( }4.17|) 



W S (V S ) = % -\(D l D l ) + (D 2 D 2 )]V S = w + i6%F a (V) - (6 2 e 2 )(D 1 D l )w , (6.27) 
[(D l D 1 ) - (D 2 D 2 )}W S = , (D 1 D 2 )W S = . (6.28) 

where the gauge-invariant scalar and spinor superfields are defined 

w = ^[M + z{D 1 D 1 )k] , (6.29) 
F a (V) = '-(D'D^Va + ~d a pV? , D a F a = . (6.30) 

The Goldstone transformation of W s ( |4 . X 8| ) produces the following e2-transformations 
of the N=l superfields: 

§ w = -ie°F a , (6.31) 
SF a = -e 2a [2\c\ + i(D l D l )w] + '-e^w . (6.32) 

The spinor superfield strength F a is analogous to the Goldstone spinor superfield of 
ref.|y]. It describes the Goldstone degree of freedom of the D2-brane, and the superfield 
w corresponds to the massive degrees of freedom. Our construction introduces the N=l 
gauge superfield V a as the basic object of this model and allows us to study the modifica- 
tion of the supersymmetry algebra on the gauge fields of the D2-brane. It is not difficult 
to rewrite the N=2 action (4.8) in terms of the N=l superfields. 
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